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Background

Instrument Calibrations for Volatile Chemical Products (VCPs) Species

Lower respiratory infections
Chronic respiratory disease
Cardiovascular/circulatory disease
Cancer

Diethylene Glycol Fragmentation Pattern
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The calibration curves for diethylene glycol represents the preliminary data for each mass
fragment instrument sensitivities. Sensitivities are determined by the slope of the plot for
normalized counts per second versus concentration (NCPS/ppb). Fragment m/z 45 has the
greatest sensitivity due to the contribution from acetaldehyde, as observed in the
fragmentation plots.

Propylene Glycol Calibration Curves
Fragment m/z 59

Fragment m/z 77
25

0.8

y = 0.0461x
R² = 0.857

PG NCPS

PG NCPS

y = 1.5905x
R² = 0.8914

20

0.6
0.5
0.4
0.3

15
10

0.2

5
0
0

2

4

6

8

10

12

0

14

2

0.75

Propylene glycol and its mass fragments
are detected at protonated mass-tocharge ratios of 59 and 77. Potential
interferences at m/z 59 and m/z 77 are
acetone and acetone water cluster
respectively. Future research will be
investigating how to separate these
potential interferences to be able to
uniquely identify propylene glycol in
ambient air samples. The presence of
the peak at m/z 45 cannot be observed
by formal fragmentation mechanisms
and may be explained by the viscosity
and remnant from diethylene glycol.
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The preliminary calibration curves for propylene glycol exhibit low sensitivities for both mass
fragments. Further investigation into how changing various instrument parameters can
improve these sensitivities and what the optimal conditions are for the atmospheric
measurements of these species using PTR-ToF-MS.

Calibration Summary
Neutral
Molecule

Molecular
Mass

Diethylene
Glycol (DEG)

106.062994

Propylene
Glycol (PG)

76.052429

Proposed
Reactions
H3O+ + DEG

H3O+ + PG

(m/z)

Sensitivity
(NCPS/ppb)

→ [DEG-H+] + H2O
→ DEG-H+
→ HOCH2CH2OCH2CH2++ H2O
→ HOCH2CH2+ + HOCH2CH2OH

(m/z 107.070271)
(m/z 89.059706)
(m/z 45.033491)

0.1979
0.3413
11.574

→ [PG-H+] + H2O
→ PG-H+
→ HOCH2CCH3+ + H2O

(m/z 77.059706)
(m/z 59.049141)

0.0461
1.5905

Air Pollutant Exposure During Surface Refinishing
Indoor Peak Concentration: Acetaldehyde ~675 ppb

Exposure Level

Reference Exposure Level

Critical effects

Acetaldehyde Acute REL

260 ppb

Sensory irritation,
bronchoconstriction, eye
redness and swelling

Acetaldehyde 8-Hour REL

160 ppb

Degeneration of olfactory
nasal epithelium

Refinishing of floors begins
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Improve instrumentation sensitivities for propylene glycol and diethylene glycol, along
with their mass analogues by altering the drift tube conditions
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Concentrations of certain air
pollutants can reach 2-5 times
higher than concentrations
that are observed outdoors.
After certain indoor activities,
concentrations can reach up to
1,000 times higher.

Future Work
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Indoor Air Pollutant Measurements During Surface
Refinishing
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Laboratory floors were refinished on January 7th
Ambient air was sampled from January 7th to January
14th, 2020 every 4 hours
Bravo Power-Foam cleanser was used to treat any rust
or spot buildups
Vectra floor finish was applied
Both products contain diethylene glycol solvents
We examine the air pollutant exposure to the cleaning
crew and office occupants
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Proton-Transfer-Reaction Time-of-Flight Mass Spectrometer (PTR-ToF-MS)
LI-COR CO2 analyzer
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Propylene Glycol Fragmentation Pattern
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Permeation-Based Calibration System
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The quantification of VCPs and their
mass analogues allow for their
detection in ambient air samples
when measured by the PTR-ToF-MS.
Diethylene glycol and its mass
fragments undergo proton transfer
and are detected at protonated massto-charge (m/z) ratios of 45, 89, and
107. However, multiple species
commonly found in ambient air are
also detected at these masses and
can potentially interfere with
measurements of diethylene glycol in
ambient air, including acetaldehyde
at m/z 45 and C8 aromatics at m/z
107.
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LI-COR CO2 analyzer measures the VOC concentration from
the permeation source by oxidizing it to CO2 in a catalytic
converter
Relationship between the VOC concentration and CO2
concentration is determined via combustion reaction
VOCs are ionized in the drift tube of the PTR-ToF-MS,
where the proton transfer reaction from H3O+ ions to the
VOC can take place
Species with with proton affinities higher than water are
then detected by the quadrupole mass spectrometer [1]
PTR-ToF-MS measures the fragmentation from the primary
VOC in counts per second
Standard addition dilutions were performed to obtain
calibrations
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Atmospheric volatile organic compounds (VOCs) are precursors of fine particulate matter and
ground-level ozone, both of which threaten the public health and are regulated by the U.S.
EPA.. Due to the decrease in emissions from traditional transportation vehicles and power plants
in the last four decades, volatile chemical products (VCPs) have become an emerging
contributor to VOC emissions in urban atmosphere[2]. These VCPs are typically found in
household products as inactive ingredients, including cleaning agents, aerosol sprays,
personal/hygienic care products, printer ink, pesticides, etc. Once these products are used, the
VCPs volatilize and participate in reactions that form ground-level ozone and fine particulate
matter. Despite their prevalence in our daily lives, these VCPs and their contribution to VOC
emissions, both indoors and outdoors, remain understudied and uncharacterized. PTR-ToF-MS
provides real time VOC concentration measurements in ambient air. The PTR instrument has
been utilized in a research aircraft to study wildfire plumes, deployed in the Arctic for
measuring organic pollutants, and installed at the top of Mt. Bachelor to collect data on ambient
air pollution in the western U.S.
VOC emissions are a public health issue due to fine
[2]
particulate matter being able to penetrate lung
tissue and can cause severe damage or even
death. Indoor household air pollution from solid
fuels is one of the leading risk factors associated
with various diseases, especially cardiovascular
and circulatory disease. Every year, indoor air
pollution can contribute up to 2.6-4.4 million
deaths globally. Outdoor air pollution, specifically
ambient particulate matter pollution is the ninth
leading risk factor globally and is estimated to
account for 2.7-3.5 million deaths. Combined,
indoor and outdoor air pollution causes
approximately 5-8 million deaths per year.
[3]
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